Recently, there have been several case reports and retrospective studies about the incidence of intradiscal (ID) injection during transforaminal epidural steroid injection (TFESI). Inadvertent ID injection is not a rare complication, and it carries the risk of developing diskitis, although there has been no report of diskitis after TFESI. We prospectively evaluated the incidence of inadvertent ID injection during lumbar TFESI and analyzed the contributing factors.
INTRODUCTION
Transforaminal epidural steroid injection (TFESI) is one of the most widely used interventional treatment for the relief of radicular pain secondary to lumbar spinal stenosis, lumbar discogenic disease, or failed back surgery syndrome. The mechanism of treatment is believed to be the attenuation of inflammation around the irritated nerve root [1, 2] . Moreover, TFESI has the benefit of delivering therapeutic medication closer to the ventral epidural space, which is known to have abundant pain substances [3, 4] . In spite of these therapeutic advantages, inadvertent intradiscal (ID) injection can occur not infrequently during TFESI.
In our previous report [5] , we demonstrated an incidence of inadvertent ID injection during TFESI of 2.3%, higher than the results reported by Candido et al. [6] and Plastaras et al. [7] .
Inadvertent ID injection is not a rare complication, and it carries the risk of developing diskitis, although there has been no report of diskitis after TFESI. Therefore, a thorough understanding of contributing factors of inadvertent ID injection is important.
Plastaras et al. [7] reported that the most common findings in inadvertent ID injection cases were ipsilateral foraminal stenosis (60%), central stenosis (26.7%), and spondylolisthesis (20%). They suggested that ipsilateral foraminal stenosis is a factor associated with inadvertent ID injection. However, their study had a retrospective design covering the period July 2000 to May 2008, and they obtained data from electronic archives and databases of operation notes; thus, there was the risk of missing much relevant data. Moreover, in their review of radiographic findings for each ID injection, they used radiology reports and did not perform an independent review of the magnetic resonance imaging. For those reasons, although they found an association between inadvertent ID injection and ipsilateral foraminal stenosis, they could not suggest the exact cause of foramen narrowing. In contrast to Plastaras et al. [7] , Cohen et al. [8] reported that far lateral disc herniation might be a cause of ID injection.
In this study, we prospectively evaluated the incidence of inadvertent ID injection during lumbar TFESI and analyzed the contributing factors.
MATERIAL AND METHODS
This study was approved by the ethics committee of our institution, and written informed consent was obtained from all patients after the risks, benefits, and goals of the study were explained to them. From October 2012 to July 2013, 239 consecutive patients were enrolled and received 249 fluoroscopically-guided TFESI.
Ten patients received 2-level TFESI, and the remaining 229 patients received 1-level TFESI. Inclusion criteria were patients who had low back pain with radicular leg pain from spinal stenosis, herniated nucleus pulposus, compression fracture, or failed back surgery syndrome. Exclusion criteria were patients with known allergies to contrast dye or local anesthetics or patients with active coagulopathy. Patients who received either interlaminar or caudal epidural injections were excluded.
TFESI was performed during outpatient care by one of the authors with more than 8 years of experience in interventional pain management. The patients were prepared and draped in a sterile fashion in a prone position. The TFESI was performed by targeting the six-o'clock position of the pedicle in the anteroposterior projection. The targeted segmental level was identified under intermittent fluoroscopy, and the inferior endplate was aligned by adjusting the C-arm angle craniocaudally. Then, the C-arm was rotated obliquely to visualize the neural foramen. Following strict sterile preparation, the skin entry site was infiltrated with 1% lidocaine. A 25-gauge Quincke spinal needle was advanced under fluoroscopic guidance toward the six-o'clock position of the pedicle. Lateral radiographic imaging was also used while advancing the needle toward the intervertebral foramen and superolateral to the exiting spinal nerve, and special care was taken to minimize the risk of ID puncture. Up to 2 ml of contrast dye (Omnipaque 300, GE Healthcare, Little Chalfont, Buckinghamshire, UK) was used to confirm successful epidural spread. Two ml of contrast dye was injected under real-time fluoroscopy to check for any inadvertent ID spread. All injections were assessed by another physician who did not perform the TFESI, and the findings were confirmed again immediately after the procedure by reviewing stored images.
With the appearance of successful epidural contrast spread without any inadvertent intravascular or ID spread, a mixture of 5 mg of dexamethasone and 3 ml of 0.5% mepivacaine was injected. In cases where inadvertent ID Patients who showed ID dye appearance were given intravenous antibiotics (cefazolin, 1 gm). Once a satisfactory epidural spread pattern was observed, the treatment medication was injected. When an ID injection was unavoidable in spite of repeated attempts at needle repositioning, injecting any medication at that level was abandoned. The collected data included patient demographics, dominant symptoms for TFESI, history of spine surgery, radiographic findings, presence of accidental ID injection based on real-time fluoroscopic images, patient perception of improvement, spinal levels at which TFESI was performed, and any other complications. A musculoskeletal radiologist analyzed all magnetic resonance images (MRIs) and simple lumbar spine X-rays of patients who demonstrated inadvertent ID injections. When reviewing MRIs, the intervertebral foramen level where ID injection occurred was carefully examined, and any anatomical structure which narrowing the foramen was identified. Also, the incidence of ID injection with lumbar TFESI was calculated.
RESULTS
A total of 249 TFESI were performed with 239 patients having a mean age of 62.5 years (range: 26-90 years). Ten patients received 2-level TFESI, and each injection was considered a separate procedure for our analyses; the remaining 229 patients received 1-level TFESI. Among those injections, 120 were on patients' right sides, and 129 were on the patients' left sides. One hundred thirty patients were diagnosed with spinal stenosis, 100 patients with herniation of the nucleus pulposus, 6 patients with compression fractures, and 3 patients with failed back surgery syndrome.
The sites of TFESI were between the L1 and S1 spinal levels. The most frequently injected levels were L4 (113 cases) and L5 (75 cases) ( Table 1) .
Among the 249 TFESI, we could identify 6 ID injections ( Fig. 1) , with an incidence of 2.4%.
Among the six patients with ID injection, four had TFESI at the L4-5 level, and the remaining two had TFESI at the L5-S1 and L3-4 levels, respectively. No patients had a history of prior spine surgery.
We analyzed all MRIs of patients who showed ID injection. Four patients had isthmic spondylolisthesis and the level of spondylolisthesis coincided with the level of ID injection (Table 2) . We further examined the right or left foramen of the spondylolisthesis level and identified the upward migrated disc material in each of the four patients (Fig. 2) . The remaining two patients had subarticular disc herniation without spondylolisthesis.
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DISCUSSION
In this prospective study, the overall incidence of ID injection was 2.4%, similar to our previous report [5] . Our incidence of ID injection is nearly 10 times higher than that reported by Candido et al. [6] (0.25%). This large discrepancy may be attributed to other studies' underestimation of the ID injection rate and the fact that retrospective studies are limited in their ability to probe complications uniformly. According to our study, inadvertent ID injection during TFESI is not very rare, and pain physicians performing TFESI must be aware of this potential complication and take steps to prevent and minimize the complication.
Among the six patients with ID injections, four had isthmic spondylolisthesis at the level of TFESI, and we tried to determine why ID injection is easily observed in patients with spondylolisthesis. Lumbar degenerative spondylolisthesis is typically characterized by the forward slippage of a vertebra causing spinal instability and stenosis [9] . Significant morphological and anatomical changes can occur to the spinal canal and intervertebral foramen due to the slippage of superior vertebrae to below vertebra. This leads to symptoms of spinal stenosis, which induces low back pain, radicular lower leg pain and neurogenic claudication [10] . It is well known that the pathognomonic change of degenerative spondylolisthesis starts with disc degeneration, followed by ligamentum flavum hypertrophy and facet laxity, which results in severe spinal stenosis with or without intervertebral disc herniation at the level of spondylolisthesis [9, 10] . In isthmic spondylolisthesis, pseudodisc bulging is easily identified, and central canal stenosis is rare. As the slippage occurs mostly at the L4-5 intervertebral disc level, the disc material often protrudes to the intervertebral foramen of the spondylolisthesis level [10, 11] . Kim et al. [11] reported that 38 out of 120 (31.7%) patients with isthmic spondylolisthesis had pseudodisc bulging with disc herniation, and among those 38 patients, 25 (65.8%) had foraminal and extraforaminal disc herniation.
Natarajan et al. [12] proposed that the stress loaded on the annulus fibrosus increases as the degree of the slippage increases in spondylolisthesis and this results in disc degeneration with reduction in the stiffness of the annuls fibrosus. In the upright position, the maximal stress usually occurs near the outer edge of the annulus. Therefore, abnormal loading with increased disc stress at the posterolateral part of the annulus and decreased disc stiffness might be one cause of foraminal disc herniation in isthmic spondylolisthesis. The foraminal disc herniation frequently found in isthmic spondylolisthesis might contribute to inadvertent ID injection during lumbar TFESI.
Moon et al. [13] reported 2 cases of inadvertent discogram during lumbar TFESI, and both cases had foraminal disc herniation. The authors concluded that ID injection may have occurred due to intervertebral disc herniation into the superior foramen where the needle was advancing. Cohen et al. [8] suggested that inadvertent ID injection is most likely attributable to far lateral disc herniation and that the degenerated annular fiber may make a neighboring pathway to the epidural space, allowing the contrast agent or medication to move in intradiscally. Plastaras et al. [7] proposed that as the severely degenerated vacuum disc generates the negative pressure of ID space, ultimately, this pressure gradient between ID space and the epidural space might pull the contrast dye from the epidural space into the disc.
Migration of extruded disc material within the spinal canal can take place in any direction, rostrally or caudally into the lateral recess and foraminal or extraforaminal in the horizontal plane. In the horizontal plane, central, paracentral, subarticular, foraminal, and extraforaminal migrations were reported in 17.3%, 74.2%, 4.3%, 2.5%, and 1.8% of patients, respectively [14] . If epidural injection via the transforaminal technique is planned, pain physicians must pay close attention to subarticular, foraminal, and extraforaminal disc herniation, and perform strict evaluation of the intervertebral foramen by reviewing the MRI film. In addition, adjustments in needle location and direction should be considered according to the extent and location of the herniated disc after reviewing the MRI. Considering the interlaminar technique rather than the transforaminal technique might be one method to reduce inadvertent ID injection. According to Candido et al. [6] , the incidence of ID injection was significantly lower with the interlaminar technique than with the transforaminal technique.
Many pain physicians choose the transforaminal technique rather than the interlaminar technique due to its advantage of easy delivery of medication to the anterior epidural space. However, parasagittal interlaminar epidural injection is effective in delivering medication to the anterior epidural space and has proven therapeutic efficacy. Candido et al. [15] reported that 100 % (29/29) of patients in a parasagittal interlaminar group and 75% (21/29) of patients in a transforaminal group demonstrated anterior epidural spreading. Ghai et al. [16] reported that the lateral parasagittal technique was significantly more effective than the midline approach for pain relief and improvement in disability in the management of low back pain with radicular leg pain.
Carragee et al. [17] demonstrated that modern discography techniques with limited pressurization resulted in accelerated disc degeneration, disc herniation, loss of disc height, and loss of signal intensity compared to matched control group. The most serious complication following inadvertent ID injection is diskitis, which poses the problems of refractoriness to management and the potential for permanent neurological sequelae [18] . No studies have examined the development of diskitis after inadvertent disc entry during TFESI. In our study, none of the six inadvertent ID injections resulted in infection. The prophylactic use of antibiotics in discography has been supported [18] , and in cases of inadvertent ID injection during TFESI, preventive use of antibiotics is recommended.
Our study has several limitations. As there were only six cases of inadvertent ID injections during TFESI in our study, concluding that spondylolisthesis a contributing factor is difficult. Although these six patients did not show any sign of infection, long-term follow up was not performed.
In conclusion, inadvertent ID injections during TFESI is not infrequent. Before pain physicians perform TFESI, they must pay close attention to the type and location of disc herniation. If TFESI is planned in patients with spondylolisthesis, pain physicians should confirm whether foraminal disc herniation is also present.
